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(54) LASER PIERCE PROCESSING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make multiple holes on a printed 
substrate and an IC package at once by combining a laser, a diffraction 
type optical part which includes an identical repetitive pattern of a 
constant spacing period and the modulated repetitive pattern and 
diffracts the laser lights so as to generate multiple beams, and an fsin 0 
lens for condensing multiple branching beams. 

SOLUTION: A parallel incident laser beam 1 from a laser is divided into 
diffraction beams 13 having two-dimensional expansion by a diffraction 
type optical part (DOE) 8. The diffraction beam 13 is formed into a light 
condensing divided beam 17 by a light condensing (fsin 0) lens 14, and 
radiated to a package 15 so as to make multiple holes 16 at once. Plural 
different diffraction type optical parts are manufactured and mounted to 
a rotary disc, and the disc is rotated, so that the diffraction type optical 
part can be spontaneously exchanged. If a hybrid system in combination 
of a galvano mirror and the diffraction type optical part is adopted, wide 
range degree of freedom is acquired for dealing with any hole 
arrangement. 
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/h4?f^J:5tc-r4**>r*4 Q U— !fbr-A<Djferafl 

40 tawrtHttll^ hb*5WS^*<OM^JBglt4W-r4U 

*C^4o Bltl»ttiE<Dji*gBfi6<DU>Xr*ntf, Mfcft 

*4©t\ ^-0[>raW4^Ji"r4c <btcj:0 U— if e-A 
<D^{S^ 4 if « 5 ^> C i ^ pjffBT * & o 
[0 0 5 0 ] ^ v-<omWBLt % H»fS**W 

a a a<DiSfig^4^^-r i r , ««(cfie*©^u^ -/ 

S^-<b, 0tlT^^6l5a a n<b4ffl^to#4<bl^W{C 
50 »«!>3&^«cl». U>X#*&9*>6>'C*4. Ktctt^U/cJ: 



m 



(7) 
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Jg}j§L/cJ;5fc:, f s i n 0 2ftKAtt0'C<b&. 

[0 05 1 ] *CT?*»l|Btt, lsirrM^SUp D aCcjaai(D 
f s i n 0 U>X*fll36U>Xi UXSffl-TS. [eltt 1 ^ 10 

^—^^-r^i, f 0 U>X*s«fflr*S*^ MUCDA 
Jjffilft&— 5&C«c< cos B 0Jt-Ct>?4>tc*IHK3 

«ft£CcUfc#oTa<T*itf 4 f s i n 0 U>XCCJc 
or, ft*^frr»ft*s»wr*-5. tineas 

/h3U#CCtef 0if sin ecDaCittfe-r^'C*^^ 

rtfji/^y 5 ^-*J3Sti«Aii. f 0 u>X<d»^<d# 
;U>Ky %?-<D\f&*)ft%:a±'?Z>ti:hkt, f s i 11 0 U 
>X*Ctta' = s i n" 1 a(DjS0ft*-^^4. C(D<fc 
StctfjMs % 5~<DMK)ft<PmM]&*mW?ti1 l £f s 
i n 6 U>XrfcWfBffi©^*^->^Dj6Br*-5. 

U^^SDOE 0 * £ <b I > 5 c 
[0 0 5 2 ] 

[*SB<D^Jfi©?gjS] f s i n 0 U>X<DB»t#ffitt:o 

3ft&£-r£ 0 *»ilB|rctt, A«ft0i ■cSJrttfw: 
A84 L^fc*«*s. HJJrfW-fcA** L n ^11*? Uttt L 

[0 0 5 3 ] 

A(sin0 n -sin0,)=nA (12) 
[0 054] W«caiaA«<OJ»-&tt % 
[OO55]Asin0„=nA (13) 
[0056] 4tt*. * 

E A = X X w„ Wj (Ax„ j 
[0.064] c<OWfiBBB***/Nb-r*J: 9<cXft£X 50 



12 



* [0 057] U>XRtt©fc»(C, ffffiMttCCfc-S^ffi 
[0 058] U>XKSt<0/c3?)©l¥fiIOI3aSt4 OT, PH* 

"c i ^cciRfifc-r^siicagfj&s. u >xcc«ai3&s* & 4 , 

TOXU (SEES) <Drit<D*P£<t 9, *ft*»fflDM$fc<b 

[ 0 0 5 9 ] H9tt % A&fBfi (entrance pupil) ±CD3fe 
ccm AJWRltt:, U>X 

(Px . P y ) (C^CMKWlMtRotfilri. 

(P. . Py ) WBLb©JS«*»T. BS©^:*3«iEa 

flJ 3 # £ jfirsWfil L ^ b it»fi*« 6 L tl-ff 42US4C 

[0 0 6 0 ] M©+**>61ftWtt«:«iCf4 6*(D0i:sS€: 
fRO (Px $lI)4^-rAH!^0^, 60it, 12 0H, 1 
801S, 2 401S, 3OOK0SIS1) 4 3 etc** 3 CO 

= 0. 3 3 57, 0. 7 0 7 1, 0. 94 2 0T-&£ o 
C tl 6© 6 *CD®li« 4 3 0<D$&(D3£,£te 1 8 £„ 1 
SskdC^U^WL^mcth. M^L ( 1 

22(s:) *S Wj =o. 0 4848 1, ajPuft, (6*) 
j = 0. 0 7 7 5 7 if^, 

[0 0 6 1 ] &^3&J«ffir4CDJ:^&{aiBCC0i6>oc* 
5jt^£„ Ax, Ay«±^^©g^(4»>6<DXU©x 

[0062] s^iaa* j c = i , 2 , i. 8 ) , iajf 

Mttn (=0, 1. 2, 3)CCctor^U, 3'cI§(Dl 
[0 06 3] 



2 +Ay n j 



) (14) 



(8) 
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[0 065] ±i&DWiSmm*. U>XK:<fc£3fc(DiKj8S * 

#r&&„ f s i n e u>xtoH:it-cfcfc, ^oofiiiccs^ 
wiiiut, f s i nevmmm., mn<oTv^> 

[006 6] tfiRtf, fsin 0t44»flO-r4acc«T 10 
cod: 5 bfPflOHtt^fiKffi^r @10©J:^ CcHSftt^ 
«C«attJ«JtlA*#A, 0^, 1*. 2», 3*. 4 

^<DtlKh» (n = 0. 1,2.3,4, 5 ) tt. * 

«>tt#m><crc*£. liI»TtST-<OiiJWA<hU>X<D^ 

[0 06 7 ] gr„ = n A f /A (15) 
[0 0 6 8 ] iCcfc^T-^AfcftS (CCW««l/> 20 

ur, f s i n e*wm?z>tc#><DmmM$kE 0 * 

[0 069] Ed =2 -h. ) 2 (16) 

[0 07 0](cj:ot#i5CimS. S'6«C % jfj 

JWA < 0, HftMR* 5 <fc 0 ^ < tk u *E U 0fl€C * 

e a = a ( t - 3 . 5 ) 2 + (3 
[0 07 8 ] <htOJ:5ftlMBM»*W**3Wr#*. 

<BU^Ka«, t>3. 5mmO<3b#a=Or*0, t 

^3. 5mmCD < b*a= 1 <bC»5ffl*J#o4><D<b-rS. 

Rlfiltc, « t < 1 5 ramCDD$/3 = 0 , t4l5m 30 

5mm-15nira(DIIfea =0£&£ e t ^-ecQfliuEH^c 

So 

[0 07 9] CCD J: 5 fcffijR&fr &fF«£fc e . 
(e. . e« > •••) 4iaS&i*w c *»Wrfib-&*>5K 

E=W A E a +W D E d +W t E t 
[0 084] itcS. cn^i*©|? ffliRIIS-CftS. fi 

#W A , W D k W T v W c E A , Ed, E t , Ec 

©ff fflfl»*'< ^ > x& < */Jvf fc S H :Z> J: 5 Ccifctf>£ . 40 

CCW$»W A = Wu -Wc =W T =1 
[0 085] E = E A +E D + E t +E c (22) 
[0 086] C(D^f*C[>g¥ffliM!»%*/Wb-r -5 

ot, ^lHl^^:r<D*SJRM, f s ind, ^Mz> 

[0 08 7] [rHz> h y *j&>e>rnfc»£] IS 6 

<£>J:5te:DOE<bfsin0 U>XL, I ftS&&£ 

-rs. DOE^u>x©Hu^cc*nKDOEr»tts 50 



f s in^MMt^ci^^i. 
[0 0 7 1 ] £fc:rU-fc> h y ? ^|t(cout«, «0 

jT^c®[cc*jc»r, mm*<tAMTz>mm. 

©tt C *i# 0 tcittli <t (, > 5 C <b Srg^T £> <DT\ AS4ft 

I(Et iur 

[007 2] E T =2 (9. 2 ) (17) 
[0 07 3 ] *S8BU ^ U*fe> h U y ^1i^l¥ffiHgS!( 
S(14) <b££>Ct, SC < l 6) , (1 

7 ) ©iTfBM»**>«/Wbr4 <fc 5cc*»©ii*«a-ffc 

[0 07 4] ftj&IEtt f * 1 2 7 mm fF 
[007 5 ] e, = (f-127) 2 (18) 

[oo76im cvwmmss&s&'&zctitj: 

-iXH&mffl. f * 1 2 7 mmCcai»tt«c*i- 

il^iSftcTS. /ciiil U>XJ?#t#3. 5m 
m«±l 5 mmBTi Ltc^m^k^ 
[0 0 7 7 ] 



(Ctl 



( t - 1 5) 2 (19) 

[0 0 8 0 ] E c =Xw c e c (20) 
[0 0 8 1 ] iftS. 

[0 0 8 2 ] J^±^Ci!i^c4o(Dl¥W^ (14). 
(16), (17), (20) (Djf&rtl* cb o TTi¥«^ 

[0 0 8 3 ] 



+ Wc Ec 



(2 1) 

9o \s>x±mm&<owmsit x&*> 0 &zm*±i>> 

A<DAt 3 /fc^xSo 07 ttD O E*JWjft*>6 Afctt 
[0 08 8 ] D O E <b U>XcDgEgS^r a ' ( = A+f) 
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[0 08 9] 

tanfl' =h/(b' - fj (23) 
[0 09 0] WWU>X©4*5£*>6 
[0 0 9 1 ] 

(A+ f ) " 1 + b ' " 1 = f " 1 (2 4) 
[0 0 9 2 ] ««3So 0 CtiiPh 

[0093]A(b'-f)=f 2 (25) 10 

[0 09 4] 

t a n 0' =Ah/f 2 (26) 
[0 09 5] r-Hz>HJ »*ttrtStt<x, DOE« 

!^i&*6HDft^lftk:Uft:36wa5j«jSffi*3^^ 20 [0100] 
dj ' = dj {l-(b-f)A/f 2 } 
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*5&*J^iIS©r*4. C ft* 60MB** (b-f) /c 

»a 6 cc r tix ^rt'-AM^e* r * 4 e> , 

[0 09 6 ] 

h' =h - (b-f) tan^ (2 7) 
[0 09 7] 

h* =h { 1 - (b - f ) A/f 2 } (2 8) 

[0 0 9 8 ]r#>£ o cnWDOE*iM*i^A^ 
9u&Mtc»n$i±it£&tc % 3 h * /A DOE 

^M(cl^/ci^ (A=0) ©«©^ShJt»5fc/jN 
3<&S£l>9C<t£.«*-rS. SSc*(CDOE*.Bff^* 
ct0 4>U>XfflijCC«ifi$-if^<h«h' 
[0 09 9] ±"C«3E5te»<D*4#^yt3&s % Htffrft 0 £ 

doe timM&jcfo z m& t . ffittti£fr e a /c^»«i u 
, j + i'X®me<Dft&zd j + , at, * 

(28) i*9fc<Hl;llit4 



[0101] cn^DOE^M (A=0) Jd>6b- 

[0 10 2] U-1f^-A<C«tfcftttHacctt*$r)A 

*<Dtc&>, 5£ (2 9) <Dfc£l<D (b-f) #0 
Ctj£c<&9, A£^fb3i*Tfc&£9 dj ' *s3MtUtt 

CittfcRtofc*. ^Rfl^t<l/t^ a#« 
4>U (b-f ) *s** A*SEibS* 
dj ' *BBir*C<t3&$'C*4. 
[0103] U-if fcT- A<c«|ftft*IBS-r4#S<b L 

r#*6^c ten* u>x*c& & 0 si^<D^*BBHi*wr 
ctifinzz. sue, jE<om^imi<D\y>x^Atikx. 

2teJ:0^^ o IS 1 3&Cfc'~Ax^^>#(D— ocDtfiJ 
£^T„ ftU>X©i»#J6ltt*-. f , . jEU>XflMfcS 
ffiBt&H-f, &U U>X|Hffi«&d = (f 2 -f, ) 
£T& 0 A»t/fc?fftr-^©g^f 2 /f , <Dtt^r 

[0105]COil d^(f, - f, ) cfc*)/h3< 
-rsi. Hitte-Att^flfctf-A<t&£ (ii 4) . M 



(2 9) 

& (HI 5) . t(DJ;^£, U>X|ffll«£^irrs*K: 
6. AS*tr-A©^S*R, U>XIUJBEitt<0gg{fc#&'ff 



-f. a»e-Ao»ftft© 



(3 0) 



30 



40 



50 



= d- (f 
(¥*) » 

t a n0=R$/f , 

[0 R=5mm. f, = 50mm, f 

2=10 Ommitn^ d = 5 OmniT f 2 /f 1 = 
2{g(Db'~Ax^;*^># < J;&;f^ 
tan0=O. OOlx^ (31) 
[0 1 0 7] ittS. ffcoT, S*± 1 OnimCMRBHr 
SBBS-Tfttf, e-A©«j»ft*± 1 0 m r a d <D®2fifi~C 

6>U>XjS(D8EBH* 1 0 OmmitSt, a^-100 
0 mniHT^ 1 0 0 0 mmfiliift 0 , f = 1 0 0 mm 
it§i t (b-f) «-9. lmin-11. lmrni 
ae-p-C, A=± 1 OmmCDfuHrDOEO^ffig^ 
BSS-rSimtf, St (2 9) JrO, h0OPS£tt 
l^^bStf^ci^^^teft*. coi#T-u 

■te>H/*£tett % h<2 5mm<tT^i, ^ (2 6) 
<fc«9 t an<9' <0. 02 5d:4^, *J*lJ:*± 1. 4 

[0 10 8] Sfcfe5C>£o<D#ffi£l,T, 

A^t>^-;^^(cAS10 4 -e<D$fi2f^^rlx>Xtc 



(10) 
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[0109] IHJflHc, U>XcDmj{||iM^C DOE 

dj * =di (1-MA/f) 
[0110] Mx.lt a = 1 1 0 0 mm, f = 1 0 0 m 
m©»£\ M=0. 1 <t£c£CDT\ b*>Ah-jUor>iE^ 

1 mmfcja^tfv 0 0. 1 mm(D^?:BaW4C 
^5. C(Dit, A^±10mmraitn(l XrJ<* io 

A^r 1 OmmrlSI^L/, a^rl 0 0 0^1 2 0 Omm(D 

«BHr»«i-rs<b. {smM&o. li-o. oQ^mt 

[0111] Ill^*^Pa D nCCmi^^^^^/c#AE, 

«*dMS tr - a *«HB WH*r i c i *$r £ tti »<D-c u 
u>X{-mftm£z^ft?ftftmLx\,>&<Dx& 

r -lelUf <b ffltt^iEi* pJffiT** *K DOE <7)firtB# 
S^>j:^^0alo o -€*cd/c^, COMEDO ESr? 

[0 112] 4 C 6*s»ttO«ffi©**tt 7 ■» 

*- ^ 7 -si ( y - y xsafts) doe tctt-oofc* 

WUffir* S . C nte D O E £ nfc^~CAS4 b'-A 
<bH— ^|fij(cittr3fer*4. 0^Cl5IJf3fe (n = 0) t & 
m 5 o RltSBT?WJBs5c < T »iS 3 D O E «B{ 

toils] &M<D^>b&%ttmcm&m<DAtfv h# 

ttit^. C<E>»^ *^6 03CEIW*, ±1& 
J: 5 (CD OE*KitT4t<t#^ffir*£. 
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{§^M=b/a = f/ (a-f ) = (b - f ) /f J; 
(32) 

[0114] »ttsnfctr-A©sR*i«Sc©»^ 

****±(CX#» ±1^. ±3 

± 5 ^£l> 5 £5 (mtt±.<D&) fcfcM* 

lC£^X#5m&Ut£WXT<DXTFy hj&HJMvCO* *) 

[0115] y'v>hmm<,c7y:%:m?£>>£?z>m&. 

US'? Ct&mcVmz. fMU &ft<DKW$>i<* 
T -M (^-'Jx^Jftgtf) ©DOEW^ 

^<7)^co^^iij— istci<> L^m^/^^n^ n 
xtemztit^vxibft^ ±m<DJ:<>t f coxyt<D^ 
<Dfflmw$>z>?7 0>fr-yT-m (y-v^^t^m) 

[0116] Ofl>^^tt. i&AM'l^<D&&m.<D{& 

2x$>z>„ m7 dc^^xm^tc^^dc^ y?<yy*~y 

r -MD O.E X is U > XW«Uft3&> 6 D O E ^rfut^^^li 

3 # s * cc <»; o r « tar <o ^ - > ^ IfcktWhx # -5 . 
u^L/, ^ft\z±\yot\,^tcc<c<^mmx<D%u 

*ffi'jvc*$. (29) 4Sr*>3Jp^J: 

(b - f ) ^^7^^<^^/c^^-5>„ 

(3 2) -CM^yjN$^^ c ^-c^^ o B^OOcfc^tCX^X 
^OdroBUI-C (b - f ) < l/c0 t v^>7(D{i 

MgcWXMtt&< UtcVXZZfiK 
r«KBflE*i*5 0 S/c, DOE<D^fu (A) *^0^c* 

[0117] fnr, 0^36©Pflfi*j|?mo!iWcfii/jN© 
SE^^^-r^>/ci6^:«, ^ ^r>>^- y r-m (y 

-Uxl^JftM) r^<r, 7l/^M©DOE^^ 

^^riftB^T^o -enti7 7')>/t-7 7-iDOE(c 
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U > X«^4 ^OTDOE tt#CC#ttT -5 (Dr tt 

DOEil^(D^7 U*JUSDOE(D»1£T?&S 0 
[0118101 8ktMft<D7 r-SL<DD 
O E (DEISt £1893^ ^it*^ 0 A8* tr- A^s^f^T 
&2><D-C. (DM<0§ DOE ^ 6«f Hi 
Tl>3„ |ffl^C0/c*, CCt?^3o<Dlll!if^L/^JSiC^r 

c^^xmtcac office i>®ffiyai)W*>o ftt&<D&x io 

[0 119] U>X-^$^--Cft^(OtCj»jS3&S*aiC> 

5 ©tta«ca5*>*>u tutted H*HbwiR«'r*^i 20 

r>v U*;US!{DOEfc*0 WPfi<D^^BBBItCD|p|JlT 

memm-rz* sttc, wiR*fcsiE«©DOE*fle9ijt 

[ 0 1 2 0 ] D O E S JhPWHOfluaBIB (JE^^fiT- 
WW fi ^Rsnyti^ 2#C, 3 

~\ nsX<D&V-MZDOE<Dmi5f , ©iSBFCJK 30 
m-T&o tU^DOECDft^Tf i ©iC6(C^^ 

0^36 (±l^tt<O0^»r*ttll»rShrJ|BllUr^ 
&<d-c\ cert 5 0^iiia&S) tt^WfeDO 
e riaifT $n^o)tfc(Dr*s h xm% t m c < *p 

tT3t<0**T*a. o*«5^«!E«W««IBaiacc*-6. 0 [0123] 

(u+f, ) ■ 1 + (v+f , 

tt£Z><DX. 

u v = f , 2 (34) 
2 U>XL 2 tcot^r 4> 

u' v* = f 2 2 ( 3 5 ) 

v + u* = S (36) 

[0 124] — ocr>U>X«r^L/cB*<D8!r^*P, 
<bT£o CftttP, £319 L, . L 2 £3I-?/cHi§^- 50 
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*tt * <fc 5 ftifti^ l> /c^ "7 - £ }#fc£c (, tcip h 0 
©RlSItt/iS&Sft*. ^^WliDOEWtW 

cc u r *> o yo6«raffltc3rjc e>& 

[0 12 1] 0WfflfflJ:0fc, ^7l/^j^DOE 

cofin/c^js, lfc^jffl/hcDaEbffi<DiSjn*r*-2>o doe 

i&Shr tt* <D J: 9 e *ffitt«* 0 I >. O & L U > X 
4*I^=btt £ C i CC J: TffiAfc§/h#nm i & ^>o D 

^EB«S:f a iT^o H2 0CC7 U*;l/^DOE<b f s 
i n 6 \ylyX^^t>'mc^^7fc§r 9 £<D£5%: 
EKrDOEiU^XiSawSi, U>X, DOEW 
WI»*aiA4c <tccj:^riifcA:tB/J^pjfi6cc&-2) 0 02 
OtCte^-CDOEi f s i n0 U>X(D8BBI*f 2 -A 
i'T^o f s i n0 U^XiftMiflDffiSltS:^^^^* 
-^?XB f cbT^o 

[0122] CCXM2 1 tCj:or 2 U>X3g (fflfWU 
>X) (c4d»&Mjfi. Mi^Rllt. *jft*if«:o(,»TH» 
e^^H^r^^o »li/>XL, ajNbABMf i 

( u > Xt? ife 6 or hu ffiL tM'J <b 4> ihj c ) ^ 
O, <b^^>i, O, F, =Oi F, ' =f , o I2l/> 

Ms&ifiFz ' -e&& 0 L 2 <D3£^O a i^-Si, 0 2 
F 2 =O z F 2 ' = f 2 0 tIcIiIiO, 0 2 ±CC^dC^TU> 
XL, , L 2 *Sffifite^8Snn^i-r^. mAd 
Oz ±<DWl#S l (DL, 0CJ:^^S 2 IC^CZ. S 2 

F i ' #>6fe£Si Sr<DBB«^ vit^ U>XL 2 
CC^^r, hu^F 2 *>6«jSS. ^rcDSBgll^u' , 

-£>o i + f 2 = eW, 



) - 1 = f i " ' 
A«sMS]ft (v 



(3 3) 

S(35)^e>u' =0<b^OT, 
X (3 6) ^6^itv = ^mo S(34)^>6 
Bu^P, (u, <hT&) tt 
u, = f, 2 /5 (37) 
X&Z> 0 

[0125] r.^<Duyzz£f&btcno&M&ZP2 

% L 2 ^il«3 3fc«Lh<D*P, 
tm^il^o 5^ (3 4) ^^v = 0<b«c^<Ot?. 5$ 



• 
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(3*6) #>6<eo£#u' = $r*s„ si (35) a>e> * w i t»5 *i ur£8s cntt^ib^t) 

gWtUSP 2 ( v , • t f 2> ) « Cc < l^j»j^»©S^fc»«CsSM|ftlRja:-c* 0 IS? 

v, ' = f 2 2 (38) l>ttWfttttt6tttv L, te«fc£«<Z>{S*tt f . At? 

^^if^o cntt*CCCfflaE0fcft»*4l>tt#<D* [0 126] «Mffc&, 5C (3 4)'cfc0, 

(g^ (f , + v)/(f, + u) = v/f, = f,/u (3 9) 
ftS*>6r**. L 2 CCctsaffi^iv' /f 2 r£>£„ 3Kv H '=fi (f,+f 2 )/S (41) 
C ti48fWfcfc^-0<D U>X©<S$r* 0 i^H , u„ = fi <fi+f«)/$ (42) 

3EDHr«c©f§^ 1 1 Ltrjeastia©^ [ o i 2 8 ] r. oor)u>x<D^^ccm>r, ^u&segii 

[0127] 10 4>«\ W±^E*>6«rJ».«*r<0EIII<!: LTje»S*ia 

f 1 v„ ' /f a u„ =1 (40) m^&frhmm&xbmcm-c&z) . 

(3 4), (35). (36) * 

»-„,-^.al-w^)._£&. (43) 

WT©RWC©J:5&ai«^*^X»J«)rfflJ»"C f 2 rtt<, **i<t0 A7£WU>X«:B5Sl/TC»&£-r 

££5o & e e=f 2 -A«^e», S = -f, -A<Lft&. 

[0129)020 OCtel^T DOEi U>X<D«HBHE^ 20 (43) CcRAOT-&flJJSfcSBE8S f (4><OKto 

©KBt*diT*. CMeifU^ DOE - U>X 0(Cfif<) 

©HiPBd ^ f 2 -c*n« ( e = f 2 ) £m<Dm&mmit* f = f , f , / ( f , +a> (44) 

U>X<O^JE8lfa KWOO. e=f 2 -C***6, itt*. 

$=-f i t*^t, 5$ (43) <D<J>#f 2 itt**>6 [0 13 1] (^)A=0«c6« f = f 2 r&£„C 

r#& 0 fit*, DOE3WU>X©BJ»J»jS«C*4»6*«W-i" 

[0130] iCW DOE - U >XB<DE«3WTffi f ★ 

(a) A>0<Z>»£\ oiODOE^I/y^a^SS^ 
f i >0 (jEU>X) .ft6tf f<f 2 (45) 
f i <0 (ftU>X) f>f 2 (46) 

(^)A<0<D»£\ DOE*U>Xj&»6«-r»^ 
f i >0 (iEU>X) ft6« f>f 2 (47) 
f . <0 &6tf f<f 2 (48) 

[0132] C^^^CDOEi U>X<DffflfiS* f 2 * * 3tf£t <t#S-C§& 0 

^-r^-rciCcjc^r, frt^ffcfS. f^^t-rSi [0133]/ciiH f, = 500ram 4 f 2 =10 

im^<DJ*#->ifititjtt'fr?2>. f KJroTfg Oinnnkfi. 

Zifi. f <D^fb{C<fc-? r >^*£ -><D&m*^tft 

A = 0mmft6, f = 10 0mm (4 9) 

A = +10mmft6, f= 9 8 mm (5 0) 

A = - 1 0 mm&6* f = 1 02mm (5 1) 

[ 0 1 3 4 ] C <o <fc 5 tc^»<D-M *BE8II*5 ± 2 Kgfcb 4 40* TiS^ J: 5 . i20ru> X<z>«ffliJ3E* <t «ffll ( 7 - # 
©*Cf6*fc±2%S!lKiT5ciw:^4 c C<D<t£^*£ IB ; mtfXy > HSScoh) <z>E8i*,rc * 
V *-JjA{*&m<D3Z (5 2) *fflCi-Clt»*r*<b. 7B f <bl,>9„ Kll b>Xicrf7WAotC^^6f 

0. 8mml/»l4K 1fm<Dm)MC<D£ 5tC« IWiMv, ' (S3 8) <t&4. *ftttF a ' 
/JvC*£<E>r, U>Xt7-^ffli(D8|iSScD»SS (?* ffl>JofcfccD/c^6^2 U>X<DfMiJ3E^6iB'm^ 
-^XiK) ^0TJ:l> o v, * + f 2 =B f <bfc£ 0 

[0135] \s^X*m^fct%<DQ^t<D?$m*CC+ [0136] 

B # = f 2 {1 - fi / (f i + A) } (52) 

s= f 2 -B f = f 2 2 / (f , +A) (53) 
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[0 137] «iBo*f5 7-^ (mi2^y>hXE) 

a* « c r n £ o ft u r « o ^afe « s « o * ir> i&a & » «sr a 

fciAttf , =-1 0 0 0mm, f 2 =10 0 mm/ci U 
A= - 1 Omm— + 1 0mm<D4BHTC s=10m 
mCt*>ft& 0 

[0138] *»§B<D«f«ttjfe«D O Eifsineu 

■)>*-7 7-fi) ©DOE<b<t*5ii5<Drt>±lOC£ 
£ n;§ 6 t O ft Wft & 2 ft e ft l > . W^CC^^O^-^ 

[ 0 1 3 9 ] El 1 8 CCtel^T, &*>6Sfc£ A 
ffli&a (x. y) exp (jkz-jcot) #A*W"£* 

V <x, y) = a (x, y) 
£ft£o 7-i/xSDOE<Di8-&tC«il'St (x. y) 

JW A -c IB] d J: 5 ft - > #18 0 il S J; 5 Cc ft o r t > 

[0 14 2] DOE.©T<-a5CCcp^WD, tfUSEftt f 

(Dai^u^x^a^nyti-r^. *3fcu>xcr> ( Xl 

y) iST'COil^^q (x, y) it^i, U>X«riSii 
T^CcLCC<fc^{4^(D^b«kD + k (n-1) q * 



C13) £f$PS 2001-62578 
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* ¥iffi«it^©«e x p ( j k z - j co t ) K 

©xyM^<D(itWl^p^*-6^r*-£» D {&tB#xyffii 
r-pj— /d*> 6igffii«^^CC x y ffiK:Wr*C* *. KM a 
(x. y) ^Scz^>t^$^ 0 kttift»£ir»C» 
2 7c/Ar&& 0 cottftJg«|»r*f5, co=27Cf = 2 

[ o 1 4 o ] d o e «5 mmmwtmimx i 

T'^^^illfiL/c®<7){4tB^2 7r/2 m (mfcfcfiSBO g'J 
10 <&T?/fj/^Kl&CMft&<fc 5CCft-?Tl>£ 0 DOEliiSM^te 

M3te(D{&ffl^IH$MlJ «: t ( x . y ) J: o r aii-r £ . 
t ( x, y) = exp (j 0 (x. y)) £t,>5 J; 5ft 

ffMSfir*^r z*rfi]ccii:jir4^6DOE*aa 

O/ci^CD (x, y) IfirCflMftttl«»V (x, y) fct 
[0141] 



= ( n - 1 ) ( p i 



(p. 



- r ' 



) 1 



f- 1 = 

Q (x, y) = 
. + D (5 6) 

r 2 = x 2 

i^^ttfTiS. fflUDttWr = OtCfett* U 

q (x, y) = D- ( r 2 /2) 

8) 

£ft£ 0 (55) J:^ ♦ 



t (x t y) (54) 
20* (x, y) <tl>5C£K:ft£ 0 ntf U>Xffl!lf*r* 
4. ^«3»iin^iexp [jkD] exp 
{ j k (n- 1 ) q (x, y) } *8K*a£(r»3t<b-C 

[0 1 4 3] »fflU>X-C*titfq (x, y ) ««u£UE 
IK f *c J: ^ r IB*cc ■ * ft it 4 c i aw r # * . u > xm 

Ms aia©^iiPj«:a*iE<fcuytiifi**ai4p, , p 2 

"P 2 " 1 ) (5 5) 

★[0144] 



+ (P: 



— r 



) 



I / 2 _ 



Pi + P 



+ y 2 
>X 



(57) 

A [0145] r/p, , r/pa**l cfc^Toi/J^li 

<kl>9affil©IBfflTq (x, y)«' 
{ ( > + <- 1/p. ) ) (5 

♦ [0146] 



y) = knD-k r 2 /2f = knD-k (x s 



kD+k (n - 1 ) q (x. 
+ y 2 )/2f (59) 
-Cfe-So oSO*36U>X*DOEcoa6«:a< 40* [0 147] 

cai(x, y) ©iRliCctitHilti (5S5 9) [«3] 
il^Cir*4. U>XIEJ"C(Di4tau (x, y) « * 

U(x, y) = ¥(x, y)exp[jkD]exp{jk(n - l)q} 



= a(x,y)t(x,y)exp[jknD]ex 



(60) 



[o 1 4 8 ] DOE<of£*> f (ommtcmm % ^, (x. y) v<omhm$kic£2>*.mm u , 77) 

iKo <£ffiT'tf> (x. y) H1i£U>X-e(Dx, yiE <D^rottttBDtt^*#«, exp { j ks) <hISd 
mtZtctbttC ( $ , 77) <b*r^>c *-f^>XOMffltc<fc 50 xdyWtjAftb^cfcOT^. {Ml/steU 
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>XW (x. y ) t 
[0149] 
[Sfc4] 

U(x, y)exp(jks)dxdy 
]X f 



(61) 



(14) 



2001-62578 
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(63) 



s 2 = f 2 + (x-« ) 2 + (y-n) 2 (62) 

2f 2f f 

[0150] {fciS© (5, 77 ) ^-CCDjKfjKI^V U, im6 ] 

77) ttx. yKA-jTl/^XiTaWfiCiiCi-jT* 
V«, 7) - -[y f JU(x, y)ex P aks)dxdy 

= ^^jM£^|jJ a(x , y)Kx , y) ex P p k »yy^ }dxd y (64) 

[0 15 1] (S(60)©exp [jkn U , 77 ) £ 0&©<fc 5tCj£gT •& i-rnW. 

D ] (OW&HmtZ. )S(6 4)H7-'J igHfefcS: [0152] 
o$«5ffi^©M^h (x. y)©7-'Ji^M [$fc7 ] 



[»8] 



H(^,7) =3^ JJh(x,y)exp|l^±^)|dxdy 



V(^,/7) = 



exp< 



2f 




[0153] mt}l3irt)\>*\s— y*%WX.m^ : b&a. 
(x. y) iC^©«*''->^T>f-A©gS J K© (x, 
y) ll-COa-fb-C*^). ChttDOE^'ii->t (x, 



(65) 



(66) 



♦ -CIS a (x, y) = 1 <hl>5<fc5(C{R5rc**. UBS© 
CTODOE©ife6$L^-2>WgWrAS^6s 
[0154] 




(67) 



vrais*i»^j"c*^*s, ?sm<D& Sterns. 

SS^<Dra3SK»flJ-C** 0 S(67) 00**J-fflCD2^ 
2Sr4<ba (6 7) <D [•••] <D 

%mmnz-Zo i v u. 77)i 2 = iT(k€/f, 
ra. t (x, y) <D7-';xsiftr#«&e>ftsc£ccft 



50 



6c 

[0 155] DOE«t (x, y ) tCfflWffim.&$> 
Z<DV±nXMVr (n = 0, 1 v 2-) <£ ^(Ctf 

[0156] 



# 



(15) 
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t ( x , y) = t (x + mAx 
m, 1=0, ± K ±2, 

y*«VTSVi-. A, WA y 



flf5S200 1 -62 57 8 
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y + 1 A y ) (68) 
(69) 

[0157]lT&<tt (x, y ) <07 - y x^fttt, 
[ttl 0] 



HA 7) - ^ JJt(x, y) exp{^*±^}dxdy 

.^ zz ^z2^±^ rj ^^=2*fc^ (70) 



0«-O©S*/^-> (Ax A) (Drtffl5/dW(D S 



[0158] 
[»1 1 ] 



■«■■» - jk f f t(x.y)exp{ - 2 ^^) }dxdy (71) 

E©8SBtii^©«*ncc^*4<Dr*4. o^o, ei 20 ttti^mo^-yxsteis <«, 7;) <D»<Dtmtcmt& 
-yxRjftficoa^ »'<*->#tK-3t>«oii'r* [0159] 

T (5, 77) =XXexp (- j 2 k (SmA + 77 1 A) /A f) 
r?) (72) 

m&<D'*Z-> (Ax A) ^x^ftCCK, y^tcH/c ftZ><DT. 
V*>&±T2>± % s (€, 77) i««RKH»CCi»»*ir** mi 2) 



s ( 



sin 



sin 




(73) 



[0160] CtuW««^ttEI*rjft**WLrr^*. * 

(ft-Ctt^i*, I s in (?cK«A/Af)/s in 
(tt^A/A f ) | <DfflttK(Cj:k^/h3t»tlCcL^*6 

K££r& 0 y^tCOlir^77/;5A f /A<Dm&&<D± 
%<Dfr Is in ( it H 7? A/ A f)/sin ( tc 77 A/ 
A f ) I WHtCftS. incite, T («, 77) 
*U f /AOSS&jS, 77 # A f /A©§KMS<D.£ (€. 

77) wccwpfi©fia*fc%. fwm^^(!:^^ , or^ ) 

^ (x, y) = a (x, y) 
DOES *CC*36ftffl3&S* 4<or*Jt U >X£»fr& 

77) tt. 



[0161] :/y> bmm<Dft<DwmzA t skicra 
& c t cc J: ^ r u-if J: 0 r &m<DK*mmcmi 

xM (77 r )>^7 7 -M) DOECC^r«S^(D"C* 

^tc^ u*;UMDOEteoi>rt&^T&o 
[0 16 21B19W7 U^MDOE^to 
40 ©JgO^a (x, y) tODOE(fC^^mMm<om^ 
t (x. y) t?Z> 0 S (54) iRiaccDOE&iiBffl 
b/tf*©*<oiK«!R|J»y (x, y) ttcft6<D«K:j:o 



(x. y) 
[0163] 

mi 3] 



(74) 



C16) W20 0 1 - 62 57 8 

29 30 



V(& rf) = -J- j]V(x, y)exp( jks)dxdy (75) 



sttDOEM© (x, y ) itfsil© ( <! , *[0 164] 

77) * 

s 2 = f 2 + <x-«) 2 + (y-7?) 2 (76) 

[«ki 4] 



[0165] 7- "J xga«ctb^T7 U*;U®(Di«^U> * p { j k (x 2 + y 2 )/2f) 07-yigft*T 
X#tt<r>*& % exp (jk(x 2 +y 2 )/2f)0 U/A f , 7? /A f , f ) iUt, 

wa^^tcsshi. cc-ctBftBMMcr [0166] 
SfcafrCCa (x, y ) . = 1 <!:**< <t, t (x. y ) e x* [» 1 5 ] 

'*fe±£lllf T f JL JL]\ 



exp^ 



(78) 



£&-2>©-C4>-S. tctcOt (x, y) exp (j k (x ★tfXtM:, 75 r 7>^-77 — M DOE® 
' + y ! )/2f) ©7- 'J iS!&*JJ3JHflfj»£fcofc* [0167] 

t (x. y)=t (x+mA, , y+lA, ) (68) 
m, 1 = 0. ± 1 , ± 2. - (69) 

it^Jr^a^Wtt^JWfllji-CttWttV*. exp {j A(^C<b-C4S. 5$ (6 8) dCiXfLX* 
k ( x 2 + y 2 ) /2 f } 4£^fc©#J9JWfliat*fc [0168] 
•5ilr>5£«Ai*4. i>LCtilW01C<l,>Ai, [SU6] 



= t(x + mA s , y + lA,,)exp 



jk^x + mAj + ^ + lAj} ' 
2f 



(79) 



m. 1 =0. ± 1. ±2> - (80) ♦y 2 ) /2 f ) ©7-';x^S ( € , t? ) 

[0169]T4it (x, y) exp { j k (x 2 +♦ 

«M> = jfy ffKx.y)exp{B^}exp{ -^ + ^ }dxd y 



(81) 



il>?Ci(Cft4. $' J ' ->|*J-C©81 * [0 17 0] 

#"C&-S. * [ISU8] 



atf,^)^n-t(x, y ^j^^}exp {-^g^) }dxdy (82) 



[0171] 



50 mi 9) 



31 



o-(£,7)sin 



S(£,7) = 



(17) 
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■V f 

— sin 
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. . (. 

sin — — - sin ■ 

I M J { 



(83) 



[0 17 2]$(4;^->fl©7-'jx^s <«, r -MD O EKtb^Tffllttift o*0S(79)^ 

77) /A a <£, 77) teste ^©ttJU»uai»C<b"CA 6ffig<DSE»m, 1 fcttOX. 

U^US; (7 9) (D&StxmWZkft&DOEltCm&Xxo [»2 0] 
t(x + mA x ,y+lA y ) 

f J ^^» +lyA ^ j c .-: p f jk(A x 2 m 2 4-A y V) l 



= t(x,y)exj 



4 



(84) 



[0173lio5J:5 ft^UW*jaJW*fl=#fi3ftS ft 
"Ctt*l^€)DOE(DKfPfeaiO<3S:^ Q U*>U7 

jum doe la* o »*ran*iaa u,. ^ffiAffi/j^as 

Btffiftf * iC>5f¥fll**S. S 0 DOE (c»fR 

01 2<D<fc5K: % HiEniRtcJi-SDOE-iX/;^^ 

X£-fe? F^ fl 
[0175] 

[^flfeW [^fctfiJl (77»)>^77-i (7^y 

x£/) doe) ] ccw ^^z^-^t-mdo 

E©^SfeWI*^-r. C ti«»fe<3D^<D«fi6«:*-r 5 D o 

E©i4*a»^7<07- y xajftr^fbr*£fc<Dr*<2> 
7 - y x32 £ t> 5 . DOE oo^^BBSH <h i> 5 & ® 

*»6, U>X3W^J^r*4. «3feU>X£OTDOE 
©fltettf s i n0L/>X«StftS, it^ci^: 
5ttC^L/c 0 *4vCCC-Cttf s i n0U>X^fflli 
f s i nO U>Xgf$^ff^^^(D^^^^6rf7P^^ 

f s i 



«:ftl^6 f s i n 0 U>X<Dgait*>€>*6«)S^S*SA 

[0 176] [DOE(D»it] JSJWl 9 2. 308/i 
20 mu MWMSin = 0, 1. 2, 3, 4, 5 &&<D{StAlC 
teWcy' V > b mmc 5 m mfUJBTC 5 oc^&H W * J: 

[0177] [fsinO U>X<Dg£St] 

(a) fimBu^xuee 

WJtZ nSe <fflWr*2. 4 0 



2tfc 



6 Mm 

1 1 U >Xgl 1 M J: 0 «5fH!PJ 5 0mm 



OU>Xfr?£ 
3) 

mi u>x 
m 2 u>x 
o ass io 

30 OAWBfflB 

OlntfirJ&T- jifffl 1 9 2. 3 0 8 Mm, 0^X^11 - 

0, 1, 2, 3, 4, 5 

OUifltftg OS <:rU-fe> h 'J 9 *) 

[0178] (B) tamos. 
&bk>idi*¥8, m*> (inn) 

[0179] (C) fpj^fr 



AO Ob>xii;> 

(d) mmm 

[0 18 0] 

[313] 



f 2 = 1 2 7 mm 

3 . 5 mmW± 1 5 m mCTF 









J9^v R]fi5(mm) 




L 1 


S 1 


—31. 119 


6 . 6 5 0 


2 . 4 0 3 


S 2 


— 35. 1 O 0 


6 5. 255 


L 2 


S 3 


3 9 2. 6 3 0 


9 . 5 0 4 


2 . 4 0 3 


S 4 


#4 


1 4 7. 6 6 1 
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[ 0* 1 8 1] 



D-8) 

* * [|g4] 
f s i n o i/yX^^S^^ 



2001-62578 
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S 4 




1 / c ( mm ) 


— 3 5 1.0 8 9 


a a 


5. 876X10" 9 


k 


- 4 . 3 5 2 


a ? 


2. 9 6 9 X 1 0- 13 




tt 4 


- 1 . 4 6 6 X 1 0-" 


<* 5 


2. 702X1 0 -19 



>j > h»«cc5 mmmmvftzmii-zmmzLtc. <s + 2 e 0 Mmtw f 0 u^xmrn-ctt^, f s i 

5. 2 6mm£&-?fc„ — f s i n0U>XOl [0183] 
°- 2 5. OOmuiTftofc. 7' > hS^r©^^;*; ] 







f 0 l^X COt&S 


f sinfl V^XcD^^ 




2 5mm 


2 5. 2 6 mm 


2 5. 0 0 mm 






+ 2 6 0 ji m 


0 ii m 



[0184JB8tt, X#vMHKI*0. 5mmiO/c 

ta = 3 3 02inm, b=13 2mmu f = 1 2 7 in 
nu M=0. 0 4r&£ o J|fcPl!lU:A (mm) V$>*) % fit 

mtmm (mm) £^t 0 M^mm^&z&ftmm* 

[0 18 5] [HJ(stfiJ2 (^ U^jUDOE) ] ftm& 30 

-o^0^CDKS^r^r#^il^Ci-Ccfe^ 0 & 
[0186] SKO^SEHIS: DOES^io T ^ -2, 40 

(-r u-fe> h »; » ^T^^ci^i) r^ci/w 
-7 7-MDOErM©f s i n^<ttt»a4. y u 

*^SDOEttiRmtt (f iE) *St»tt»»tt (f ft) 
<DED^fc'-A£^£*rsc7)T\ ^^^>^-^t-M«: 50 



4 0 



»T4 f s i n 0*ffi^<b»ffi«}ffli^lfefitl/a* L< ft 

[0187] [DOE ©Rit ] DOE^ £tl£J£MbP f 
i =-5 0 0mm<Dj[©^9-(b0/c o jlJJW 1 9 2 . 3 
0 8 Mm, @8r^an = 0. 1, 2, 3, 4, 5£l«&® 
fiMKcte*,»fc:/ 'J > HSffitC 5 mmBBt 5 ocw^&M 

[0188] [f s in0 U>X(Dt£§t] 

(A) t7JJWU>;*RJ£ 
OU>XM 2ft tJRZnSe <J10r*2. 
3) 

aii u>x ^loatt^ap, 32irai 

ffl 2 U >X §f 1 MUJSRlL m 2 ISj U£|3Kffif 
O i&m 1 0 . 6. fi m 

OA34 lffl(4« »1I/>X*1IJ:0 «Bjf>flM 5 0 m m 
OFt>^- 6 

OE^f^ M1 9 2. 3 0 8 Mm, HflEXftn = 
0, 1, 2, 3, 4. 5 

OtbWftg o® h £>) 

[0 18 9] (B) ^RJe 

[0 190] (C) VtmSkft 
Om&gem fz = 1 2 7 mm 

OU>X/p^ 3. 5ium^±15mmOT 
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[•oi9i] (d) mmm 



(19) 

* * [g|6] 



mm 001-62578 
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i*S«£i£& (ram) 




mm* 


L 1 


S 1 


3? 7 


5 . 4 7 8 


2 . 4 0 3 


S 2 


— 3 7. 0 3 4 


6 8. 782 


L 2 


S 3 


1 9 6 2. 5 2 5 


10. 7 4 0 


2 . 4 0 3 


S 4 


^8 


1 7 9. 5 6 0 



[0192] 



f s i n 0 U VXCO ^^gJ^— ^ 





S 1 




1 / c (mm) 


- 3 3 . 0 4 1 


a a 


1 . 855X10" 7 


k 


0 . 0 5 9 


a 3 


-1. 974X10" 10 




a 4 


6. 9 4 3 X 1 0" 13 


a * 


- 1. 716X10" 10 



[0193] 



★ ★ [*8] ' 
f s i n 0 u ^XcD^J&Ei^— ^ 





S 4 




1 / c (mm ) 


- 2 0 4 . 4 8 4 


a a 


— 1. 0 2 4 X 1 0 


k 


- 1. 7 17 


° 3 


-3. 4 8 5 X 1 0 " 1 2 




<* 4 


1. 8 7 7 X 1 0"" 


a a 


-3. 0 0 8 X 1 0"" ! 



[0 19 4] C<E>U>X<t5tej£<Df 0 l/>X^ffl^t7' 

1 l(<cy i/WSDOEi f s i n 0 U>XCcJ:S3l®i 

>Xr»it^(c & £ £ Was** < & £ /ctf> 5 XfDK 
(DiiimtZb. 2 6mmiWc. fsinflU* 

do EiHliff^^ f o u-^x^ f s i nfluyX|: j:oT 



A 2 5. 0 0m m-C* o /c. :/ »j > h StSt 

©?v:raB*cs*sn&fBa[tt± 2 o Mm-c*&. syce 

<DWM&+ 2 6 0 umt>&& f 6 U>Xt#pJJirc#& 
^. f s i n 0 U>X(Z>»^te± 2 0 Mm*j«-C*») % 

[«9] 







f 0 v>-X coiB-a- 


f sinO \"1<'X<D®& 




2 5mm 


2 5. 2 6 mm 


2 5. 0 0 mm 






+ 2 6 0 u m 


0 /x m 



1 £|§M3rc*S. 7 U*JUMDOE*te5*i60<2W:3 

[0195] rifckffi'mwvm doe a^^c c 

J: ^ tc o t teJ^i/M- ^ c i ^ e DOEiu 

>x<D£i&Mj&mm f 

f = f . f 2 / (f , + A) (8 5) 

£ 0 XUA>0(Oi#, f , <0tte>«f>f a <t& ♦ 

A = 1 5mmOi#{Ctt 4 
A = - 1 5 mmOiSWt 

[0 1 9 7 ] tU& 0 x# y b'*Z-><Dlfc*M/NZ. 50 



5 l/#> Lr^iStfd U ^;U52c7) DOE o 

r*>0WPRcDf , ^^-ori^^e>Aco^(tccj:^r f 

[0196] Xtfcffl2 Kfc^T, f , =-5 00 mm, 
f 2 - 1 2 7mint*^6, 

f = 500xi 27/(5 00-A) (86) 

f = 1 3 0. 9mm (8 7) 
f = 1 2 3. 3mm (8 8) 

M&Wmf (CKHttW-r*. CCWA©± l 5 mm© 



(20) 
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&t&.&t£ AJffl/M* pjfig <h ft 4 „ O$0^^->(D9 7 

f 2 2 / (f , 



2001-62578 



38 



+ A) - 1 2 7 2 / (- 5 0 0+A) 
= -3 1. 3mm—- 3 3. 3mm 



<b & £ , a *s o 6 rnx i> mc o ;&m£fctf&M <t 9 
x U ^ c^ffi*c«iii^y -Y Xicft 4/cW~c#> 4 0 v' x ) > 
±ccSH&T4C£#r£4. 

[0 20 0 ] [«EB©»Bg] U>Xjtm<£>6DOE£* 

B, =f 2 {l-f 2 X (f, +A) } 

= 1 27 X { 1 + 1 2 7/(5 0 0-A) } 
KJ:-?TIt|J3ft£o A=- 1 5mm-+ 1 5mmCD<t * [0 20 1 ] 

★ 
15 8 



* [0 19 8] [0^£<£9fr&] HI 7(C^^C0^ 

*©^««M©ffircc & 4 . o ^*ttfl»ffi«: j»ja*lS« 

ft I > *p 6 0 ^©JBWrtSgftfc C> . 0 #3te* gf BfrT 4 • 

**r * 4 . icofua o y0tM&fimwp h mm l x i > 4 

*»?<fcl>0<b. A=- 1 5mm-+ 1 5min(C»Ut, 
[0199] 

(89) 
(9 0) 



* Arrets t^SEM f *s^b-r 4<Dr«BB<DffiiB 
& u ft #n t*ft h ft c > 0 u a> u -e ti«ffl*>ft gEBi-r 
BBKSJSr**. COjBUJBc^rf, =-5 0 0m 
m, f 2 = 1 2 7 mni"C& &#>i=>, a'^7^-^XB 



(9 1) 
(92) 



B f =16 0. 3 mm- 
r&4„ -e.Ol§^2mmCC-r^ft^ B *<DlIffiCD}Ii,>SE 20 

4* 

[0 2 0 2 ] 

[ mxDisak ] d o e it j: o -t u — if tr- a * imm <o 

mftZ&mw-JxtctttiiL f s i n 6 U^XteJ^r 

i/ ft ^ * * jsa— js*?L*tf ^cim^ B f s 

i n 6 U>X^ffi^<D^ii?^liI*T^r'(D{4^XU^c 

■C * 4 *> 6 J: 0 3*»«M** HSSWFL-C # 4 . 
[020 3] ^/jl/^o ? : ?-<tDOE%m&£t>i±Z><t 
T4 <L . DOE <D«ai-JSfJi<b v ^ -<DJ£lX1i 

Wli-otffiC^t < finfc^WgBifti. DOE 

h y v ^tt*ft^R«:4^tC <b*5r* 4. 
[0 204] fc«-r40«R«Ccf*»ODD O E 

*BX0«WHilE3#rDOE«:«lt)Sx.4»CK:-rn«, 

^MSH<D-fs^- £ - >7jnx&;Sji~c^ o #x. 4 c <b 

£4„ */ciKnfi©S(D- o«rBaPtcUr*5< (7^ 40 
^>*~:7 y-^DOEc^iJI^) #\ DOEiEID^ 
W©U>X^ri^;|>ir^< (:7U*;UM> fc?- 

3&*sar*4. 

[0 20 5 ] U>X^^-Ax^+^;0^^-cA&l 

W»*c»tt3-fr4c<t«:J:^T. ^MKKDjfc*. »/J»4 
ff5**sr*4. c*i«cj;ot\ JSt/jNft^iaiS<Dffl|jE^ 



3 m m (93) 

-If *AM £l*4c£teJ;oT, R^**fl5 £ 

*itf , ^OfilliigM<b|p]}ir^^Pp a aCD 

r^4 0 

[0 2 0 6 ] DOEilT7 7^>;J^7 7-S©fc(D 

feU>X<bDOE<DSE8tt^^4C<hCC < fc^r^-^-> 

l£AtB/h<D«iBa*J£<-r4ci*ir*4. *fc7U*A 
MD O E 4 i , 0 ^36©a?»*?S*T 4 C <b & 

-C*4o 

[HieroHi#ftKQ] 

till ] ^';u^'y 5 v-^^<D\s-VKmimM.<DW& 

mm. 

tdoe f-A^ia i icmytLtcm^cDM&mfrzm 

WT2>m. OX. IX. 2^@Wtf-A*SE|7S$n4. 

[Ill 3 ] Ip|»TM^gBa a a (DOE) CO^0g^DSjlEI o 

[EI 4] 0}^^^ (DOE) <0*fit^^->CD^ 



[0 5] m4<DL-LWMm 9 

[Ml) DOE^U>X©fm^6Bu^tCA/cW-r6 

T 4 mWT 4 /cft«S e 
[08] DOE MWflOSOC * 4 <h t <D U - "!f H»r*BlW 

D0E^nu^T6*t±/c<h^ v D O ECDriu^coXUcr) 
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[09] ?mmwmc£vmi<Dxi,o2mmzimM 

[010] DOEfr^vmrrX* f s i n 6 U>XCC £ 
Jfc 2^, 3;X, 4%, ■ 5»cHJf*3&SBR%3*ir 

[HI 1] U-^t^A^DOECCioTlPlff^tJ^ 

©HJrtr-AiU f sin0u>xw-,r l 
[013] ^M«B«U>XiiE^BEttu>X«ffl* 

[014] nm^mmu>x^iEm^Mm\yyx^m^ 

[015] ^J^«U>XtjEJIII*raiU>X*|E* 
r W A*] tr- a * «URU» t: - a (cgejfe-r -5 tr - a x 

+ X/^>^CDWg0 o 
(0 1 6 ] ^1EVX(D*««teBa. 
[017] 7l/*;HDOEifs i n^>X4fl** 



(21) 



10 



20 



30 
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[019] »IS<0«*BMS:^r*@Jf**a^r47 
U* Jlffl D O E ©BJfr*5VrK9!B. 
[02 0] DOE, fsin0b>X, «M©B8«*^ 

[02 i ] 2iy>xm<om^mL mm, 

1 u-ife~A 

2 xf|l|.X^>$^- 

3 y-#X+t»>5^ — 

4 f<9U>X 

5 ^';>hS« 

6 7a: 

8 DOE 
9 

1 0 liS 

i i iwi^mm 

1 2 iQiMlBR 

13 BUrtT-A 

14 f s i n (9 U>X 
1 5 J*\y*r—v> 

1 6 7a: 

1 7 «##»tr-A 
1 8 tf-A 

1 9 mmm 

20 S 



12] 



[04] 




f <? 




-J L 



[HI] 



< 22 > nm 2 0 0 1 - 6 2 5 7 8 

[H3] 




(24) 



2 0 0 1 



[015] 



[019] 



-4« 



to + 5 




[016] 



DOE 



[017] 
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G 0 2 B 26/00 

26/10 1 0 4 

H 0 5 K 3/00 
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